SUMMARY: Monthly bacterial counts over a 2-year period provided evidence of a seasonal variation in the numbers of bacteria on the skin of North Sea cod. The variations appeared to be connected with plankton outbursts. The temperature of the sea did not have any great effect, except that the proportion of the population capable of growth at 0' was highest when the sea temperature was a t its lowest. The composition of the bacterial flora, determined by isolation of colonies from count plates after incubation at 20°, was : Pseudomonas 44 yo, Achromobacter 32 yo, Corynebacterium 9 %, Plavobacterium 6%, Vibrio 6%, Micrococcus 1 %, miscellaneous 2 %. When isolations were made after incubation at Oo, strains of the last four genera were less frequently encountered. Some evidence was also obtained of a seasonal variation in the qualitative composition of the flora, Achromobacter and luminous strains appearing more frequently in the winter while Pseudomonas strains increased in the summer. The flora of cod is similar to those of other species of North Sea fish examined by earlier workers ; the species of the fish does not appear to play an important role in determining the composition of the skin flora.
Bacteria play a major role in the spoilage of fish as a foodstuff and the financial loss due to such spoilage has stimulated a considerable amount of investigation into the bacteria responsible; much of this work has been previously reviewed (Griffiths, 1937;  Reay & Shewan, 1949;  Shewan, 1949;  Tarr, 1954) . Besides investigations concerning spoilage, there have also been a few solely concerned with the bacterial flora of live or freshly caught sea fish. These have included the study of the floras of Canadian haddock (Reed & Spence, 1929) , North Sea haddock (Stewart, 1932) , Norwegian winter herring (Aschehoug & Vesterhus, 1943) , Atlantic cod (Dyer, 1947) and North Sea skate and lemon sole (Liston, 1956 (Liston, , 1957 . Except for Liston's work all these publications deal largely with the types of bacteria found on the fish and give very little information on variation in surface numbers or composition of the flora. That seasonal variations may occur was indicated by investigations on North Sea haddock by Reay & Shewan (1949) , who suggested that these variations in fact reflected variations in the bacterial population of the environment, i.e. the sea water. Recent extensive investigations on North Sea skate and lemon sole also revealed seasonal variations (Liston, 1956 ). Liston found evidence that the increase in the surface flora of flat fish was related to seasonal outbursts of plankton in the surface layers of the sea. He postulated that these outbursts would be followed by a descent of detritus to the deeper layers of the sea, adding to and stimulating the local bacterial population of those layers,
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This in turn would cause increases in the surface bacterial populations of fish living a t such depths.
Most workers agree that the surface bacterial flora of live marine fish is made up largely of Gram-negative rods (Shewan, 1949; Tarr, 1954; Liston, 1957) . Nevertheless, there have been some reports that micrococci constitute a large proportion of the flora of marine fish (Wood, 1940; Dyer, 1947) . Dyer worked on Atlantic cod and the large proportion of micrococci reported by her did not agree with findings on North Sea herrings, haddock and flat fish. This, together with the general lack of bacteriological data for North Sea cod, suggested the necessity for an investigation of the flora of this commercially important British fish. The present paper reports such an investigation, designed to provide information on the quantitative and qualitative aspects of the surface flora of cod sampled monthly during a period of 2 years.
METHODS
Treatment of Jish.
From January 1955 to January 1957, a batch of freshly trawled cod was examined each month. Each batch usually consisted of four fish taken from the same trawl. The trawling was performed in the North Sea, 10 miles east of Aberdeen, and, later, 30 miles south-east of that port. With only a minimum of handling the fish were placed in steam-sterilized metal boxes immediately after catching. The metal boxes, closed with sliding lids, were kept on ice during the trawler's return to harbour, and always arrived in the laboratory within 4 hr. of being caught.
Sampling and enumeration of microjora. On arrival, a skin sample, 7.5 cm2. in area, with as little adhering flesh as possible, was taken aseptically from each fish and placed in a sterilized screw-capped 'universal ' bottle containing 20 ml. sterile Ringer's solution and a little sterile sand. After shaking for 5 min. on an electrical shaker, duplicate roll tubes were prepared from serial dilutions, using the Astell apparatus. Three lots of roll tubes were set up from each sample and incubated a t 37", 20" and 0". The medium used consisted of: Lab-Lemco, 5 g.; Difco peptone, 10 g.; Difco agar, 15 g.; aged sea water, 1000 ml. The pH value was adjusted to 7.4 and the medium sterilized a t 15 lb./sq.in. for 15 min.
So that colonies could be subcultured easily, plate counts were carried out simultaneously on two samples from each batch, using the same medium and incubation temperatures as in the roll tube method. This was done during 1955-56 only. Periods of incubation, for both plates and roll tubes, were 3 days a t 37", 5 days a t 20" and 25 days a t 0".
Analysis of microbial populations. This was done by direct and indirect methods. The luminous colonies appearing in the roll tubes were counted in a dark room. Bacteria resistant to penicillin were enumerated (during 1956-57 and at 20" only) by the roll-tube method, using the above medium containing 3 units penicillinlml.
During 1955-56 randomly selected colonies were picked off the plates after incubation at 20" and 0". Random selection was ensured by picking off all colonies occurring in one or more of the squares previously drawn on the plates. The plates with the largest number of discrete colonies were used. The colonies were transferred to sea-water agar plates, which were incubated at 20' for 7 days and then stored at 0' until required, usually after a month. Then they were transferred from the storage plates to tap-water nutrient broth, incubated a t 20' for 5 days and checked for purity by plating on tap-water nutrient agar. Tap-water media were used in all subsequent investigations. A few strains did not grow in the tap-water broth when transferred from the seawater agar but did so after cultivation for about a month in sea-water nutrient broth.
All the purified strains were examined for morphology, Gram-reaction, motility, gelatin liquefaction, action on litmus milk and reduction of nitrate (Griess-Ilosvay method). They were also tested for sensitivity to penicillin, chloramphenicol, streptomycin, oxy te trac ycline and a vibriostatic substance (2:4-diamino-6:7-diisopropylpteridine) as described by Shewan, Hodgkiss & Liston (1954) ; these tests were conducted at 20'. The antibiotic plates were read after 24 hr. and the gelatin and litmus milk tubes at intervals up to 28 days. Nitrate reduction was tested for after 7 days.
RESULTS
Quantitative
The average monthly counts a t 20' and 0" are shown logarithmically in Fig. 1 , which indicates that the counts at 20" and 0 ' varied between lo3 and 106 organisms/cm2. Since the counts at 37' on the same fish never rose above 5 yo of those at 20°, they cannot be regarded as a true reflexion of the size of the bacterial population on fish. Fig. 1 also gives some indication of a regular seasonal variation. It seems that a general rise occurred in the counts a t 20" in June and October 1955, and in July and November 1956. The counts at O", although showing similar variations, had the 1956 summer peak postponed until August. The counts at 0" were generally lower than those at 20", though on a few occasions they approached or exceeded the latter (Fig. 2) .
Qualitative
The monthly counts of luminous bacteria (1955-57) are shown in Table 1 . This shows that the number of luminous bacteria increased in the winter months of each year; this increase did not coincide with the later increases in total count. Table 2 shows the counts (during 1956-57) of bacteria resistant to penicillin, expressed logarithmically and as a percentage of the total 20" counts on the same fish. Although the number of penicillin-resistant bacteria showed a large rise in November, their proportionate representation in relation to the total flora was greatest in June and September. genera, Corynebacterium, Flavobacterium, Micrococcus and Vibrio, were isolated more frequently from plates incubated a t 20'. The distribution of the isolates in each of the 13 months is shown in Table 4 . Members of the genus Pseudomonas were isolated less frequently in the winter months, while Achrornobacter strains appeared to be more prevalent during this period. However, the fluctuations from month to month were so wide that it is difficult to distinguish any definite seasonal variation.
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DISCUSSION
The quantitative results show that the numbers of bacteria on the skin of cod fall within the limits stated by Shewan (1949) for the bacterial load on freshly caught 'round' fish and are similar to those found on lemon sole and skate by Liston (1956) . The variations reported above in the 20' counts on cod skin show similarities to those occurring on the skin of lemon sole (Liston, 1956) , where the highest counts were reported to occur in the summer and early autumn, though on skate the highest skin counts occurred a t the end of the year. Liston suggested that this might indicate a species effect; the difference between his findings on skate and the present findings on cod may be due to a similar effect.
During the two years of the present investigation, plankton outbursts occurred in the North Sea in the spring (February-April) and autumn (AugustSeptember) (Dr Fraser and Mr Lovegrove, personal communication) . DevBze (1955) has shown that there is a period of about 3 or 4 weeks between an autumn plankton peak and the appearance of maximum numbers of bacteria in the sea water. The plankton outburst studied by Devhze occurred in the surface layers only (as with those in the North Sea) and it is quite possible that there would be a further delay before the deeper layers were affected. Because cod, like the flat fish examined by Liston, is also a bottom dweller, any increase in the bottom bacterial flora might be expected to have a similar effect to that with the flat fish. In 1955 there was a general rise in the skin flora of cod in June and, less pronounced, in October (Fig. 1) , these periods being 1-3 months after the surface outbursts of plankton. In 1956 the higher counts were obtained in July and November and if, as seems possible, these peak loads were a delayed result of plankton outbursts, then the differences between 1956 and 1955 could be attributed to a slightly later plankton outburst or slower fall out of detritus in 1956. It has also been suggested that when a plankton outburst is a t a maximum it may have an antagonistic effect on the bacterial population of the sea (Devkze, 1955 While the temperature of the sea did not appear to influence the total number of bacteria, some effect of temperature can be seen from Fig. 2 . The proportion of the population capable of growth a t 0" reached peaks (Fig. 2) in the early spring months when sea temperatures were a t their lowest, c. 5" L (Dr Tait and Mr Craig, personal communication) . It is as yet impossible to correlate this variation with the qualitative changes discussed below.
Evidence of qualitative variations is even more complicated than that for quantitative. Luminous bacteria were observed in only 12 of the 25 months of the investigation. When present they varied in numbers from 1 or 2 up to 13,20O/~m.~. The highest numbers occurred in the three winters of the investigation; this differs from the findings of Liston (1957). His results showed that these bacteria reached peak numbers on lemon sole and skate in the summer, and, on skate only, again at the end of the year. For both skate and lemon sole the numbers of luminous bacteria reported by Liston are larger and their appearance was more frequent than observed on the skin of cod during the present investigation ; these differences in numbers and seasonal variations may be due to species effect. In general the present findings on cod are more akin to those for haddock, on which luminous bacteria were reported to be only infrequently observed (Stewart, 1932) . The higher incidence of luminous bacteria on cod skin in the winter months might appear to be related to the low sea temperature at that time, but such a deduction would be inconsistent with the fact that larger luminous counts were obtained a t 20' than a t 0'.
During 1956 the number of bacteria resistant to penicillin followed the total count, but the proportion of these bacteria in the total count reached a pronounced peak a t two periods in the year, namely June and September. This is similar to the resuIts obtained from flat fish by Liston (1957), who used this method as a means of enumerating the pseudomonads present in the mixed flora of fish. In the present investigation it was hoped that these 'penicillin counts ' for 1956-57 would give some confirmation of any seasonal fluctuations in the proportion of pseudomonads isolated during 1955-56. This was not possible because of the irregular variations in the proportions of pseudomonads that were isolated during that period.
As with the flora of the sea (ZoBell, 1946) and that of other species of North Sea fish (Liston, 1957) the flora of cod has been found to be composed mainly of Gram-negative rods. In contrast to Wood's (1940) and Dyer's (1947) findings only a small proportion of micrococci were isolated. The similar findings for several species of fish examined a t Aberdeen make it unlikely that this difference is due to an effect of fish species. Liston (1957) has attributed such differences to environmental factors, other than species of fish, and this seems likely in view of the disparity between the present findings on North Sea cod and those of Dyer (1947) on Atlantic cod.
From the results of the isolation of cultures over a year, it seems possible that the higher proportions of Achromobucter strains isolated in the winter
The skilzjlora of North Seu cod 91 months are related t o the lower sea temperatures around that period. However, other factors also appear to be operating since, in pure culture, Achromobacter and Pseudomonas strains from cod thrive equally well at 0". Nevertheless, the results of the counts of luminous bacteria and those resistant t o penicillin, together with the monthly distribution of the isolates, indicate the existence of seasonal variations in the composition of the bacterial flora of North Sea cod.
The present investigation also illustrates the importance of selecting a suitable incubation temperature for work on marine bacteriology. 37" was of no value at all, while 20" and 0" gave slightly different results on the qualitative side.
